The roles and epidemiological features of tick-borne protozoans are not well elicited in wildlife. Babesia spp. are documented in many domestic animals, including cattle, horses, pigs, dogs and cats. Three cases affecting eastern grey kangaroos are described. The kangaroos exhibited neurological signs, depression and marked anaemia, and microscopic examination of blood smears revealed intraerythrocytic piroplasms. One to seven intraerythrocytic spherical, oval, pyriform and irregularly-shaped parasites consistent with Babesia spp. were seen in the blood smears and the percentage of infected erythrocytes was estimated to be approximately 7% in each case. Data suggest that the tick vector for this kangaroo Babesia sp. is a Haemaphysalis species. For Case 2, ultrastructural examination of the erythrocytes of the renal capillaries showed parasites resembling Babesia spp. and 18 of 33 erythrocytes were infected. DNA sequencing of the amplified 18S rDNA confirmed that the observed intraerythrocytic piroplasms belong to the genus Babesia. The phylogenetic position of this new kangaroo Babesia sp. (de novo Babesia macropus), as a sister species to the new Australian woylie Babesia sp., suggests a close affinity to the described Afro-Eurasian species Babesia orientalis and Babesia occultans suggesting perhaps a common ancestor for the Babesia in kangaroos.
Introduction
Babesia species are arthropod-transmitted intraerythrocytic apicomplexan protozoans that infect a wide range of vertebrates (Ristic, 1988) . Babesia infection can be subclinical or symptomatic, causing haemolytic anaemia, depression, diarrhoea, neurological signs and abortion. Babesia spp. are reported in many domestic animals, including cattle, horses, pigs, dogs and cats (Ristic, 1988) .
Babesia bigemina and Babesia bovis in cattle are the most important pathogenic Babesia spp. in domestic animals (Ristic, 1988) . Babesia spp. have also been detected in a wide range of wildlife, including mongooses, hyenas, weasels, polecats, raccoons, elephants, foxes and deer. Nevertheless, most of the detected wildlife Babesia spp. produce no clinical signs (Ristic, 1988) . The pathogenic importance of Babesia spp. in wild animals is still uncertain (Penzhorn and Chaparro, 1994) .
Babesia sp. have been described in several species of marsupials, including Babesia thylacis in the southern brown bandicoot (Isoodon obesulus) (Mackerras, 1959; Clark et al., 2004) , the agile antechinus (Antechinus agilis), brown antechinus (Antechinus stuartii), Proserpine rock wallaby (Petrogale persephone) (O' Donoghue, 1997; O'Donoghue and Adlard, 2000; Clark et al., 2004) and woylies (Woylieia penicillata ogilbyi) (Paparini et al., 2012) . Babesia tachyglossi and an unspeciated Babesia sp. have also been reported in the short-beaked echidna (Tachyglossus aculeatus) Bolliger, 1957, 1959; Mackerras, 1959; Bolliger and Backhouse, 1960) .
The current study describes a novel Babesia sp. in eastern grey kangaroos [Family Macropodidae] In February 2006, an eastern grey kangaroo (gender unknown) tended by a carer from Fordsdale (92 km west of Brisbane, capital of the State of Queensland), South Queensland, was presented at a veterinary clinic with oedema in the cloacal region and a history of dehydrated, small faecal pellets. Blood smears and a sample of blood collected into EDTA were submitted to the Animal Disease Surveillance Laboratory, Toowoomba, Queensland for analysis. The blood smears were stained with Giemsa and examined microscopically. The kangaroo recovered after unspecified treatment. Two adult ticks were removed from the kangaroo's skin and identified by the carer, but not formally submitted to a reference laboratory. Specimens of ticks from kangaroos being cared for by the same carer were submitted to the Biosecurity Sciences Laboratory, Coopers Plains, Queensland for identification.
Case 2
In March 2011, a 14 month old male eastern grey kangaroo, weighing 7.9 kg, from a fenced property at Bingie (257 km southsouthwest of Sydney, capital of the State of New South Wales) on the south coast of New South Wales (NSW) was first presented to the Moruya Veterinary Hospital, Moruya, southern NSW. The kangaroo had swollen eyes with an increase in intraocular pressure. Blepharitis, conjunctivitis, and increased scleral vascularity were also noted. No corneal ulceration was present and no foreign bodies or ticks were found in the eyes. The pupillary light reflex was reduced in both eyes but menace response was normal in both eyes. Ticks were collected from the kangaroo but were not submitted for identification. Treatment with latanoprost (Xalatan Ò , Pfizer) and dexamethasone (Maxidex Ò 0.1%, Alcon) was initiated. The kangaroo was presented for a further examination one day later with acute-onset lethargy, inappetence and suspected blindness. The clinical examination revealed that the kangaroo was unable to stand; there was conjunctival and gingival haemorrhage with cutaneous ecchymoses on the groin and the inner thighs. The pupillary light reflex was normal in both eyes but menace response was absent. Respiration was laboured with an expiratory grunt. Shortly afterwards the kangaroo began to exhibit muscle tremor and seizure-like activity and it was then humanely euthanased. The cadaver was submitted to the State Veterinary Diagnostic Laboratory, Menangle, NSW, for necropsy and further investigations. Samples from the brain, spinal cord, eyes, heart, spleen, liver, kidney, and intestine were collected into 10% buffered formalin for histopathology. EDTA blood and serum samples were submitted to the Regional Laboratory Services, Benalla, Victoria for biochemical testing. Ultrastructural (electron) microscopy was undertaken from this case utilising blood and kidney.
Case 3
In July 2011, a 12 month old male eastern grey kangaroo, weighing 7 kg, from the same carer as for Case 2, was presented to Moruya Veterinary Hospital, Moruya, NSW. The kangaroo manifested lethargy, pale mucosal membranes, reduction of water and milk intake and swelling of the eyes. Ticks were not collected for identification. The kangaroo was treated with 0.17 ml Imidocarb dipropionate (Coopers Ò , 120 mg/mL subcutaneous), and 0.7 ml enrofloxacin (Baytril Ò , 100 mg/ml subcutaneous). A second dose of Imidocarb dipropionate was given 24 h later. Seizure-like activity and vocalisation was observed after a few hours. The pupillary light reflex was almost absent but menace response was positive. The kangaroo was humanely euthanased due to the signs of clinical deterioration. EDTA blood and serum samples were submitted to the Regional Laboratory Services, Benalla, Victoria for biochemical testing. The EDTA blood samples were also submitted to the Veterinary Teaching Hospital, Sydney University, Camden, for haematological analysis. Sufficient material for DNA analysis was not available for Case 3.
Cases 2 and 3 were received by the carer in August 2010 and had recently been moved into a newly constructed pen of approximately 40 Â 50 m. They were orphans and were bottle-fed with Wombaroo formula and Impact colostrum supplement.
Electron microscopy
A 1 cm 3 portion of formalin-fixed kidney from Case 2 was recut into 1-2 mm pieces and washed in phosphate buffered saline (PBS) 3 times for 5 min each time. The buffer was drained and the tissue was fixed in freshly prepared Karnovsky's fixative for 6 h. The tissue was then washed in PBS 3 times for 5 min each and post-fixed in 1% buffered osmium tetroxide. The tissue was washed again in PBS and stained with 2% uranyl acetate for 30 min, then dehydrated in a graded series of different concentrations of ethanol and transferred through several changes of acetone. After incubation in 50:50 resin and acetone, the tissue was embedded in pure resin and polymerised at 70°C for 10 h. Thin sections (80 nm) were placed on 300 mesh copper grids, stained with uranyl acetate and lead citrate, and examined using a Philips 208 transmission electron microscope.
DNA extraction, PCR and sequencing
DNA was extracted from blood samples collected from Cases 1 and 2, as well as lab strains of B. bigemina, B. bovis and Theileria sp. using a QIAamp DNA Mini Kit (Qiagen) following the manufacturer's instructions. Details of the species and strains used in this study are provided in Table 1. PCR assays for major piroplasm surface protein (MPSP) p32 of Theileria spp., (Tanaka et al. 1993) , the MPSP p32 for the T. orientalis types Ikeda, Chitose and Buffeli (Zakimi et al., 2006) , and the amplification of the cytochrome b genes of B. bovis and B. bigemina (Buling et al., 2007) were performed as described previously using control positive DNA samples (see Table 1 ).
Partial nuclear ribosomal 18S DNA sequences were amplified between primers A 5 0 -AACCTGGTTGATCCTGCCAGT-3 0 and B 5 0 -TGATCCTTCTGCAGGTTCACCTAC-3 0 (Medlin et al., 1988) with some DNA templates also requiring internal primers Kangabab18SF 5 0 -TGGTAATGGTTAATAGGAACGGT-3 0 and Kangabab18SR 5 0 -GAC-GGTATCTGATCGTCTTCGA-3 0 (designed by authors). Amplification reactions were carried out in 10 ll volumes containing 1 lM of each primer pair, combined with 10-100 ng of extracted DNA, 10Â HotMaster Taq buffer (5 Prime, distributed by QuantumScientific Milton, Queensland, Australia, containing 25 mM magnesium), 1 mM dNTP, and 1 unit of HotMaster Taq DNA polymerase (5 Prime, distributed by Quantum-Scientific Milton, Queensland, Australia). Thermal cycling conditions consisted of an initial denaturation (95°C for 3 min) followed by 30 cycles of 94°C for 30 s, annealing at 53°C for 30 s and extension at 72°C for 1 min 30 s, with a final extension step of 72°C for 7 min. Cycling was performed in a Mastercycler Ò pro (Eppendorf South Pacific, North Ryde, New South Wales, Australia). PCR products were viewed on a 1% agarose 1Â TBE gel stained with GelRed (Biotium, USA). Prior to sequencing, PCR products were either desalted using Exosap-it Ò (USB Corporation distributed by GE Healthcare Bio-Sciences, Rydalmere NSW, Australia) and directly sequenced, or target bands were cut from an agarose gel and purified with a MinElute Gel Extraction Kit (Qiagen, cat # 28604, Doncaster, Victoria, Australia) then transformed into chemically competent One Shot Ò TOP10 cells using a TOPO Ò TA Cloning Kit (Invitrogen cat#K450001, Mulgrave, Victoria, Australia). Plasmid DNA was extracted from clones using a QIAprep Spin Miniprep Kit (Qiagen, cat # 27104, Doncaster, Victoria, Australia). Approximately 20 ng of PCR product or 200 ng of plasmid DNA was used in standard ABI Dye Terminator sequencing reactions using Big Dye Vers 3.1 technology (Applied Biosystems, California) and were run on an Applied Biosystems 3130xl Genetic Analyser (Griffith University DNA Sequencing Facility, School of Biomolecular and Biomedical Science, Griffith University, Qld, Australia). Forward and reverse sequences were edited and aligned using Sequencher (Vers 4.7 Gene Codes Corporation, Ann Arbor, MI, USA).
Phylogenetic analyses
Forty-one additional sequences (Table 2) were downloaded from the GenBank database (Benson et al. 2010 ) and were included in the phylogenetic analysis based on a nucleotide BLAST search of the kangaroo infecting Babesia-like sequence on NCBI (http:// www.ncbi.nlm.nih.gov/BLAST). Strains of described B. bovis and B. bigemina were included in the analysis as well as at least one representative of all closely related Babesia species for which 18S sequences were available, including the recently described Babesia sp. isolated from a woylie (brush-tailed bettong) (Paparini et al., 2012) .
Sequences were aligned using ClustalX (Vers 1.81, Thompson et al. 1997 ) then the alignment was truncated to the shortest sequence (1560 bp alignment). The alignment was manually edited prior to export in nexus format for phylogenetic analyses. Before generating the phylogenetic trees a series of likelihood ratio tests were completed using MrModeltest (Vers 2. Phylogenetic trees were constructed using maximum parsimony (P), maximum likelihood (L) and distance matrix analyses (D) in PAUPÃ (Vers 4.0b10, Swofford 2002) . Unweighted trees were found using heuristic searches with random sequence addition and tree-bisection-reconnection (TBR) branch swapping. For the parsimony, analysis gaps were treated as missing data. Other settings used were Mulpars in effect, Maxtrees set to 10000 and heuristic search repetitions set to 100 (P) or one (D and L). Support for nodes was assessed using bootstrap resampling (P 1000 replicates, D 1000 replicates, L 100 replicates) and Bayesian analysis (B 935,000 generations). Bayesian analyses, using posterior probabilities, were completed in MrBayes (Huelsenbeck and Ronquis, 2001 ). The GTR + I + G nucleotide substitution model was used but with empirical base frequencies and invariant substitution rates built into the gamma distribution. Four chains were run for 1000,000 generations with the first 65,000 generations removed as burnin prior to constructing the consensus tree. Two representatives of the genus Theileria (Theileria spp. from Table 1 and T. buffeli, Genbank accession DQ104611 from Table 2 ) were included as outgroup taxa to root all trees.
Results

Case 1
The kangaroo had moderate to marked anaemia with a decrease in erythrocytes (2.75 Â 10 12 /L, normal reference 5.86 Â 10 12 /L) and haemoglobin concentration (75 g/L, normal reference 160 g/L). Babesia were observed in the blood smear mostly as paired merozoites (Fig. 1 ). Ticks were collected and informally identified by the carer as Haemaphysalis species. Further ticks submitted from other kangaroos from the same carer were identified by the Biosecurity Sciences Laboratory as Haemaphysalis species.
Cases 2 and 3
Examination of the blood smears by light microscopy showed up to seven intraerythrocytic spherical, oval, pyriform and irregular-shaped parasites consistent with Babesia spp. (Fig. 2) and with the organisms observed in Case 1. Estimation of the percentage of infected erythrocytes in Cases 2 and 3 was 7% and the size of the parasites ranged from 2 to 6 lm in diameter. Spherical or ringshaped trophozoites ( Fig. 2B and C) were common and were mostly present singly in erythrocytes. Pyriform-shaped merozoites, however, were the next most common form found singly, in pairs ( Fig. 2A) or in clusters. Rarely, free pyriform-shaped trophozoites were also observed in pairs or clusters (Fig. 2F) . The blood smears from all of the cases exhibited a marked decrease in erythrocyte density, marked anisocytosis and polychromasia. A moderate increase of spherocytes and reticulocytes was noticed. Most of the infected erythrocytes appeared markedly enlarged and hypochromatic.
The packed-cell volume (PCV) of Cases 2 and 3 were 30% and 17%, respectively (normal reference 47%). The haematology result of kangaroo 3 also revealed a marked decrease of erythrocytes (2.44 Â 10 12 /L, normal reference 5.86 Â 10 12 /L), white blood cells (2.97 Â 10 9 /L, normal reference 10.13 Â 10 9 /L), and haemoglobin (66 g/L, normal reference 160 g/L).
Histologically in Case 2, the liver showed mild to moderate degeneration of the periacinar zone hepatocytes, with goldenbrown granular deposits in Küpffer cells. Mild cholestasis was observed occasionally. Abundant siderophages were observed in the spleen. Haemorrhage was evident in the sclera of both eyes. Sections stained with Giemsa-eosin showed multiple dots and pyriform-like basophilic structures in the erythrocytes in the blood vessels, particularly the capillaries of the brain, kidneys and eyes. Biochemical results from Cases 2 revealed a marked increase in the level of urea (30.3 mmol/L, normal reference 8.6 nmol/L), the urea:creatinine ratio (0.36, normal reference not found), aspartate aminotransferase (AST, 417 U/L, normal reference 60 U/L), glutamate dehydrogenase (GLDH, 130 U/L, normal reference not found) and creatine kinase (2917 U/L, normal reference 747 U/L). There was a moderate in bilirubin (4.6 lmol/L, normal reference 3 lmol/ L). There was a moderate decrease in protein (41.3 g/L, normal reference 60 g/L) and globulin (17.5 g/L, normal reference 23 g/L).
Ultrastructural examination
Ultrastructural examination was undertaken using samples from Case 2 and showed that the parasites had morphology consistent with Babesia spp. Cases 1 and 3 had insufficient samples and therefore were not examined ultrastructurally. In one kidney section, 18 of the total 33 erythrocytes counted were infected with Babesia parasites (5 lm electron microscope magnification) -results not shown. The intraerythrocytic stage exhibited up to 3 morphologic types including elongated, round, and amoeboidshaped Babesia. Trophozoites were the most common, which corresponded to what was seen by light microscopy examination. Frequently, erythrocytes contained up to 6 parasites of variable size. Trophozoites were generally surrounded by a single plasma membrane although many were doubled segmentally, with the segments separated by a clear space (Fig. 3) . The nucleus was a single, round, moderately electron-dense, surrounded by multiple, prominent, irregular, double-membraned cisternae, and located at one end of the cell. No nucleolus was present. The cytoplasm contained endoplasmic reticulum, free ribosomes, mitochondria and vacuoles (Fig. 3) . The endoplasmic reticulum was found very close to the nucleus. However, it was not always seen clearly in some of the developmental stages. Most trophozoites contained a large eccentric pseudoinclusion (invagination of the host cytoplasm), that was lighter in density and signicantly larger than the nucleus (Fig. 3) . (Cases 1 and 2) confirming that known Babesia species were not co-infecting the kangaroo hosts (results not shown). A 1633 bp product of partial 18S rRNA was PCR amplified (from DNA prepared from Cases 1 and 2) and sequenced for the Babesia-like protozoan parasite found infecting the kangaroos. Two genetically distinct strains of the kangaroo Babesia were identified diverging by 0.2% (3 base changes). Both were present in Case 1, and one was present in Case 2. Samples for Case 3 were not available for DNA amplification.
The parsimony analysis of the 1560 bp alignment was based on 331 informative characters. Parsimony analysis found 96 optimal trees of length 1100 steps and consistency index 0.5455. Tree differences were largely due to taxa rearrangements at the tips. Distance analysis identified one optimal tree with minimum evolution score 0.91537 (Fig. 4) . Maximum likelihood analysis retained a single tree with -Ln likelihood score 7694.24818. Branch support from all analysis methods is indicated on the distance tree by an asterisk (Fig. 4) .
The two strains of kangaroo Babesia sp. (Cases 1 and 2) consistently fall in a well supported clade with the woylie Babesia sp. recently characterised (Paparini et al., 2012) . Lacking bootstrap support, but consistent with Paparini et al. (2012) , all analyses grouped the kangaroo and woylie Babesia spp. within a clade containing B. occultans (ex antelope, South Africa), B. orientalis (ex water buffalo, China) and a number of unnamed Babesia sp. from sheep, giraffe, antelope and wild pig (Clade 1, Fig. 4) . The phylogenetic position of B. bovis in Clade 1 is unclear. Distance and parsimony trees place B. bovis in a basal position (Fig. 4) while the maximum likelihood tree suggests a more derived position.
All analyses identified a well-supported clade containing B. bigemina, B. ovata, B. motasi and B. major (Clade 2, Fig. 4 ). Clades numbered 3, 4 and 5 form a single clade in the parsimony analysis, two clades using distance analysis (shown) and three clades based on likelihood analysis. 
Discussion
In contrast to livestock, diseases in wild animals are not examined. For example, most sick or dead kangaroos are not investigated for haemoprotozoa thoroughly due to difficulty in collecting samples, poor sample collection or lack of appropriate samples. The eastern grey kangaroos in this study had clinical signs of acute anaemia. The laboratory findings in association with the clinical signs suggested that the kangaroos had contracted babesiosis. Abundant organisms resembling Babesia spp. were detected on examination of blood smears. Sequencing of the 18S rDNA from 2 of the 3 cases indicated that the kangaroos were infected with a novel Babesia sp. distinct from other recognised species. Most Babesia sp. species are considered to be host specific, but there is evidence of cross-species transmission, including zoonotic transmission (Ristic, 1988; Gray et al., 2010) . This is the first study describing a novel Babesia species in kangaroo and the authors suggest nominating the observed species as Babesia macropus, as a potential sister species to the Babesia isolated from woylies (Paparini et al., 2012) .
Subclinical infection with Babesia spp. is relatively common in wild ungulates. Clinical babesiosis in the sable antelope (Hippotragus niger), Grevy's zebra (Equus grevyi) and black rhinoceros (Diceros bicornis) appear to be triggered by the stress of capture, restraint and translocation (Penzhorn, 2006) . Among marsupials, clinical babesiosis in the male antechinus is associated with physiological stress in the post-mating period (Barker et al., 1978; Arundel, 1981) . The eastern grey kangaroos in this study had a history of translocation (for Cases 2 and 3), confinement in a fenced yard and supplementary feeding. It is possible that the stress of handling, transportation and captivity contributed to the development of disease in the kangaroos (Dennig, 1966; Mclnnes et al., 1992 Alternatively, kangaroos hand-reared by carers would lack the maternal antibodies obtained passively from their doe's milk to protect them against this Babesia sp. Furthermore hand-reared kangaroos would have less exposure to naturally occurring parasites than wild kangaroos and thus be more susceptible to infection.
It has been suggested that there is little correlation between the percentage of infected erythrocytes with Babesia and the severity of clinical signs (Ristic, 1988) . For example, 72-96% of erythrocytes were infected with B. cynicti in yellow mongooses (Cynictis penicillata) without the animals showing evidence of clinical disease (Penzhorn and Chaparro, 1994) . However, the pathology of the disease will also influence the parasitemia. In bovine babesiosis, B. bigemina will develop a high parasitemia causing severe haemolytic anaemia and B. bovis can result in a low parasitemia with disseminated intravascular coagulation leading to severe cerebral babesiosis (Bock et al., 2004; Allred, 2007; Hutchings et al., 2007) . This is caused by the sequestering of B. bovis infected erythrocytes in the capillaries of organs not usually associated with B. bigemina pathology. In the blood smears from the kangaroos with severe clinical signs, it was estimated that 7% of the erythrocytes were infected. Importantly, examination of fixed tissue stained with Giemsa-eosin was valuable for the diagnosis of haemoprotozoans in this study. Kidney, brain and eye were the most useful organs for microscopic diagnosis demonstrating a similar pathology to B. bovis infections.
Interestingly, the Babesia in the current cases appeared larger than those recorded in previous studies in other animal species. Most of erythrocytes infected with one or more Babesia organisms were altered in shape and colour. This is inconsistent with Clark et al. (2004) who stated that one to two B. thylacis in an infected erythrocyte caused no such changes to erythrocytes in an unspecified Australian mammal. In our study, the transmission microscope images revealed some structures that are similar to those described for other Babesia spp., such as B. bovis and B. microti (Rudzinska, 1976; Todorovic et al., 1981) . The number of infected erythrocytes in the capillaries in the kidney was much higher than that examined by the blood smears. This may be ascribed to the high magnification of the electron microscope which identifies the remains of autolysed Babesia and erythrocytes. In B. bovis, no food vacuole or host cytoplasm was found (Todorovic et al., 1981) . However, in the Babesia sp. described here, a large portion or fragment of the host cytoplasm was found in the majority of the merozoites. The authors suggest that host cytoplasm invaginated into the protozoan and that may have participated significantly in the development of anaemia in the kangaroo by increasing the surface area of the parasites that in direct contact with the host cytoplasm, thereby increasing nutrition intake (Rudzinska, 1976) . However, the exact role, importance and fate of the invaginted host cytoplasm are not fully elucidated.
The 18S rRNA phylogeny confirms that the Babesia-like blood infection found in eastern grey kangaroo is a protozoan parasite belonging to the genus Babesia. Although the kangaroo were found in close proximity to domestic cattle, the infection was neither B. bovis nor B. bigemina but represents a new species of Babesia and it has a close affinity to the recently characterised Babesia sp. isolated from woylies (brush-tailed bettongs) (Paparini et al., 2012) . Woylies [Family Potoroidae] are small marsupials (commonly called 'rat kangaroos') whose habitat (mostly western and southern Australia) does not overlap with the habitat of the eastern grey kangaroo [Family Macropodidae] in eastern Australia. Two genetically distinct strains of the kangaroo Babesia have been identified diverging by 0.2% well within the range of strain divergence found for other species in the genus (strain divergence of up to 5% is found within B. bovis, B. canis and B. caballi). The genetic divergence observed between the kangaroo Babesia sp. and the woylie Babesia sp. (20 nucleotide differences, 1.5%) is sufficient to characterise these as distinct but sister species (Schnittger et al., 2003) . A similar level of divergence separates B. occultans from B. orientalis (1.05%) and B. bigemina from B. ovata (1.6%). Geographic isolation, vector specificity and host specificity are the likely genetic isolating mechanisms maintaining the species.
The phylogenetic position of the marsupial Babesia sp. within the genus indicates a close affinity to described Afro-Eurasian species B. orientalis and B. occultans and suggests an ancestor in common with these Australian marsupial parasites. A phylogeny based on a more variable genetic marker will provide more power to resolve where this marsupial Babesia spp. falls with respect to their sister species and may help to unravel the evolutionary origins of this group.
To date, no tick species has been confirmed as the vector of Australian wildlife piroplasms. Bandicoots are known to be carriers of the native Australian Ixodes holocyclus ticks (causing tick paralysis of companion animals) which is not known to carry piroplasms but is present in the regions associated with the kangaroo studies here. Amblyomma triguttatum triguttatum ticks are described to be present in several marsupial and rodent populations but have also not been implicated as a vector of piroplasms (Waudby et al., 2007) . Several species of ticks have been found on a population of kangaroos on an island off the southern coast of Australia including Bothriocroton concolor, Ixodes hirsti and Haemaphysalis bancrofti (Oorebeek and Rismiller, 2007) . Our preliminary observations that Haemaphysalis spp. ticks were present in the captive area suggest that they may be the vector of the Babesia sp. to eastern grey kangaroos. However, further studies need to be undertaken to confirm this supposition.
In conclusion, to the authors' knowledge, this is a first study describes a novel Babesia in kangaroos. The authors suggest nominating the observed Babesia as B. macropus. Eastern grey kangaroo may develop fatal babesiosis characterised by anaemia, lethargy and neurological signs following events such as capture, transportation and relocation. Examination of blood smears from anaemic kangaroos is highly recommended. Additionally, administration of prophylactic doses of anti-protozoan medication before and after translocation could potentially be a preventative measure against clinical Babesia infections.
